The Robot Economy: Here It Comes by Arduengo, Miguel & Sentis, Luis
Robot Economy: Ready or Not, Here It Comes
Miguel Arduengo1, and Luis Sentis1,2
Abstract— Automation is not a new phenomenon, and ques-
tions about its effects have long followed its advances. More than
a half-century ago, US President Lyndon B. Johnson established
a national commission to examine the impact of technology on
the economy, declaring that automation “can be the ally of our
prosperity if we will just look ahead”. In this paper, our premise
is that we are at a technological inflection point in which robots
are developing the capacity to do greatly increase their cognitive
and physical capabilities, and thus raising questions on labor
dynamics. With increasing levels of autonomy and human-
robot interaction, intelligent robots could soon accomplish new
human-like capabilities such as engaging into social activities.
Therefore, an increase in automation and autonomy capacity
brings the question of robots directly participating in some
economic activities as autonomous agents. In this paper, a
technological framework describing a robot economy is outlined
and the challenges it might represent in the current socio-
economic scenario are pondered.
I. INTRODUCTION
Robots are every day acquiring more “human-like” capa-
bilities pertaining to sensing, dexterity, memory, adaptability,
and physical strength. Advances in artificial intelligence (AI)
are enabling greater autonomy for robots to make deci-
sions in open worlds and unstructured environments. With
increasing levels of autonomy and human-robot interaction,
intelligent robots could soon accomplish new human-like ca-
pabilities such as engaging economic agreements (involving
the exchange and consumption of services and goods with
humans or other robot counterpart) (Figure 1).
A robot economy (“robonomics” [1], [2], [3], [4]) would
be an economic system in which intelligent robots act
as autonomous agents with the capacity to replicate some
human behavior in various key economic activities.
The participation of robots in the economy has, so far,
only taken place effectively for the production of goods. As
a result, most of the published studies have focused on the
impact of automation on economic growth, employment and
income distribution [5], [6], [7], [8], [9], [10], [11], [12],
[13], [14].
As noted by [15], technological innovations can affect
employment in two ways:
• By directly displacing workers from tasks they were
previously trained for (displacement effect).
• By increasing the demand for labor in new industries
or jobs that arise or develop as a result of technological
progress (productivity effect).
Therefore, to analyze the current impact of intelligent
robotics, the main question is which of the two effects, dis-
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Fig. 1. Robots are rapidly developing capabilities that could one day
allow them to participate as autonomous agents in economic activities
with the potential to change the current socio-economic scenario. Some
interesting examples of such activities could eventually involve engaging
into agreements with human counterparts, the purchase of goods and
services and the participation in highly unstructured production processes.
placement or productivity, could arise [11]. Broadly speak-
ing, two narratives have emerged [8]:
• Technology pessimists, who consider that it would
evolve towards an economy with great inequality and
class conflicts [7], [9], [1], [13], [16].
• Technology optimists, who point out that income growth
raises the demand for labor in sectors that produce non-
automatable goods or services [15], [5], [6], [17], [18].
On the other hand, it should be considered that new tech-
nologies depend on human and equipment capital, labor,
and institutions. And therefore, their impact is subject to
various macroeconomic factors [19]. Thus, complex issues,
such as the proliferation of low income jobs and “zero-sum”
economic activities [20], need to be contemplated.
The debate between pessimists and optimists is unsettled,
although there seems to be a certain consensus in accepting
that a robot economy will inevitably have a redistributive
effect that, to a large extent, will be positively regulated by
our current institutions.
The starting point for this paper is that we are effectively in
a technological inflection point in which intelligent robots are
rapidly enabling the ability to perform cognitive and physical
work, and perhaps become participants in a whole set of
new economic activities. In the following sections: First, we
develop a brief description of the essential characteristics of a
robot economy (section 2). Second, we analyze a framework
for which a robot economy could arise (section 3). Third,
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we consider the foreseeable impact of the robot economy on
the current socio-economic environment (section 4). Four,
these impacts are analyzed by means of simple robotic
model (section 5). Finally, in section 6, we briefly discuss
robot economy challenges, related to diverse aspects, such
as regulatory policy, ethics or law.
II. THE ROBOT ECONOMY
A robot economy is a scenario in which intelligent robots
would produce and provide many goods and services and
also participate as autonomous agents in the exchange mar-
kets [3].
In a robot economy, intelligent robots can perform eco-
nomic operations autonomously. For such activities to hap-
pen, robots must have the opportunity to create and undertake
digital contracts for their services or operations, so that they
can be fully integrated as autonomous agents into the human
economy.
However, in a safe and human-dependent robot economy
three rules [4] have been proposed that we are contemplating:
1) A robot economy has to be developed within the
framework of the digital economy.
2) The economy of robots must have internal capital that
can support the market and reflect the value of the
participation of robots in our society.
3) There seems to be no justification for robots to have
property rights and should operate only on the basis of
contractual responsibilities.
These rules impose the condition that robots do not have
ownership rights since a human economy will inevitably
be geared towards obtaining an added value for the human
society. As such, the above cited paper points out the lack
of meaning if the final recipient of goods and services is a
robot with full ownership rights.
During economic-financial transactions, robots can adopt
both the role of the agent that originates the transaction
(supplier, seller) and the role of the agent receiving the
transaction (buyer). On the supply side, some aspects of a
robot economy are already developed, since industrial robots
have been incorporated significantly in manufacturing in
numerous sectors. Robots improve productivity when used
for tasks they perform more efficiently and with higher
quality than humans. It is expected that advances in artificial
intelligence and machine learning will increase further the
number of tasks that can be automated [5].
On the demand side, a robot economy has not achieved any
significant degree of development yet. However, future robots
are expected to be able to purchase products and services
on behalf of their owners. This means that they will affect
consumer behavior [21]. In addition, robots participating as
autonomous agents in the exchange of goods and services
with humans or other robots, could be considered buyers
themselves. Thus, from a demand perspective, the boundaries
between robots and humans as consumers could be somewhat
blurred [21], [22].
In summary, recent research advancements in robotics and
AI algorithms point to the development of some aspects of
a robot economy with more to come soon.
III. TECHNOLOGICAL FRAMEWORK FOR THE ROBOT
ECONOMY
For intelligent robots to participate in a robot economy,
we highlight several technology requirements:
1) The need to autonomously perform tasks related to the
economic activity and communicating to other entities
about the status and implementation of these tasks in
accordance with the terms of a digital contract.
2) The need for real-time communications that allow
prompt interactions with humans and other robots.
3) The need to formalize contractual liabilities through
“smart contracts”, digital agreements that can in-
corporate complex contractual relationships, and that
are self-executing (zero ambiguity) and self-verifying
(hard guarantees) [23]. That is, neither the will of the
parties to comply with their word nor the dependence
on a third party (i. e. a legal system) is required [24].
4) The need to carry out financial transactions using
digital media.
In the following subsections we describe a framework that
meets these requirements with current technology and that
would allow, therefore, building foundations for a potential
robot economy.
A. Robot Operating System (ROS)
Intelligent robots require adequate tools for programming
their tasks regarding economic activity, which could be
enabled by the “Robot Operating System (ROS)”. ROS
is a Linux-based open-source robotic middle-ware which
works with a publisher/subscriber model and it is one of the
most common standard softwares in the robotics industry.
The open-source software allows for cloud support to build
robotic applications in a decentralized network [25].
The operating basis of our autonomous agent would be
embodied in a ROS “behavioral algorithm” which would
enable the interaction of the robot with the environment
through the cloud interface.
ROS is composed of many nodes, each providing specific
functionality. These nodes communicate with each other by
messages, which are themselves data structures. Messages
can be passed among nodes by asynchronous (topics) or
synchronous (services) mechanisms. Topics are a publish-
subscribe method of inter-process (or inter-node) communi-
cation. When a node publishes a message to one topic, each
node that subscribed to that topic will receive that message.
On the other hand, services are a request-reply method of
inter-node communication. In this case, a node requests a
message to another and waits for the reply before continuing
[26].
For intelligent robots to communicate, ROS can also
provide communication channels with an external network,
in the form of the Rosbridge network interface (Figure 2).
Rosbridge offers simple, socket-based programmatic access
Fig. 2. Robot Operating System (ROS) framework. Sensors, controllers
and actuators can be interfaced with ROS, allowing communication between
them through messages: synchronously via publish/subscription within top-
ics or asynchronously via request/response within services. To communicate
with an external network such as the internet the Rosbridge protocol can
be used.
for interfacing with web technologies like Javascript. That is,
Rosbridge allows access to underlying ROS messages and
services as serialized Java Script Object Notation (JSON)
objects, and in addition, it provides control over ROS node
execution and environmental parameters [27], [28].
ROS-based products are already becoming market-ready,
including manufacturing, logistics, agriculture, and more.
Government agencies are also looking more closely at ROS
for use in their fielded systems; e. g., NASA has used
ROS for their Robonaut program [29]. In addition, a library
for ROS written in Java, called rosjava, allows Android
applications to be developed for robots [30], and, also,
Microsoft has just released an experimental version of ROS
for Windows platforms [31].
A recent development towards robot economy using ROS,
called AIRA (Autonomous Intelligent Robot Agent) project
[32], implements a standard of economic interaction between
human-robot and robot-robot via Ethereum-based smart con-
tracts.
To conclude, the highest values that the ROS middle-ware
offers to a robot economy is the ability to control physical
robotic assets and also the implementation of algorithms for
robotic systems.
B. Cloud Robotics and Internet of Robotic Things
Complex real-world problems, requiring real-time execu-
tion, that demand sophisticated data analysis and compu-
tational capabilities, are challenging for robots to handle.
A potential perspective for solving some of the challenges
is “Cloud Robotics” [25], enabling ubiquitous, practical,
on-demand network access to a shared pool of computing
resources (e.g., networks, storage, algorithms, and services).
Cloud robotic architectures consist of two main compo-
nents: the cloud infrastructure and its physical embodiment,
also known as bottom facilities. Bottom facilities includes
various types of robots while the cloud infrastructure consists
of high-performance servers and massive databases, that
can support high-speed processing along with huge storage
capabilities. The cloud infrastructure cannot only provide the
means for a robot which needs external data to support its
operation but also opens ways to interact with other robotic
systems [33]
The “Internet of Robotics Things” (IoRT) [34] is a rel-
atively new paradigm, which goes beyond networked and
collaborative/cloud robotics and integrates heterogeneous in-
telligent devices into a distributed architecture of platforms
operating both in the cloud and on edge computing resources.
IoRT was originally defined in the above paper as “intelligent
robotic devices that can monitor events, fuse sensor data from
a variety of sources, use local and distributed intelligence to
determine the best course of action, and then act to control or
manipulate objects in the physical world, and in some cases
while physically moving through that world”. IoRT arises
because multiple autonomous robots must communicate and
execute physical tasks in coordination, while exchanging
information and granting security [35].
In a robot economy, it is key that multiple autonomous
agents exchange information and coordinate effectively.
Therefore, among the technologies that allow the develop-
ment, implementation and deployment of Cloud Robotics
and IoRT applications, to enable a technological framework
for a robot economy, the following are particularly relevant:
(a) The platform architectures (that is, the application layer
that facilitates communications, distributed computation, data
flow and storage, and general applications to be used across
robotic platforms to deliver services) have to achieve several
goals, like versatility, easy-of-use and efficiency; and (b)
The communication infrastructure provided by suppliers with
wide geographic extension and other stakeholders [36].
C. Blockchain
Although the centralized cloud has many advantages, to
guarantee the requirements imposed by a robot economy a
possible option is a decentralized and distributed approach.
By means of a peer-to-peer periodically updated copy sys-
tem, the information in a blockchain can be pieced back
together in the event of a small-scale loss scenario. Thus, it
confers robustness to the economic system with respect to
errors in the transmission or storage of data. Moreover, it also
guarantees security against digital hackers or data thieves
since the data is widely distributed and it can be continuously
verified by networks of peers. And, finally, decentralization
provides some privacy given that it is not fully controlled
or accessible by a third party [37]. Once a viable decentral-
ized has been achieved, “Blockchain” technology (originated
with the bitcoin cryptocurrency [38]) for cloud storage and
digital transactions starts its full potential to support a robot
economy.
The blockchain is a public chronological database of
transactions recorded by a network of agents. It is, as its
name suggests, the grouping of data sets (referred as blocks)
forming a chain. Each block contains: (a) information about
a certain number of transactions (individual transactions
containing details of who sent what to whom); (b) a ref-
erence to the preceding block in the blockchain; and (c)
an answer to a complex mathematical challenge known as
the “proof of work”. The proof of work is used to validate
the data associated with that particular block, as well as to
make the creation of blocks computationally “hard”, thereby
preventing attackers. After ensuring that all new transactions
to be included in the block are valid (and do not invalidate
previous transactions), a new block is added to the end of
the blockchain by an agent (referred as a the “miner”) in the
network. At that moment, the information contained in the
block can no longer be deleted or modified, and it is available
to be certified by everyone in the network [39]. Therefore,
the blockchain can be considered as an open and distributed
ledger that can record transactions between two parties in a
verifiable and permanent way.
The blockchain technology allows, by combining peer-to-
peer networks with cryptographic algorithms, for a group of
autonomous agents to: (1) reach an agreement on a particular
affair; and (2) record that agreement without the need of
a controlling authority. The blockchain is also a payment
mechanism and makes it possible for autonomous agents to
exchange goods and services among themselves using crypto
currencies [40].
Within the blockchain context, smart contracts mean trans-
actions that go beyond simple buy-sell transactions, and may
have more extensive digital instructions embedded into them.
A smart contract essentially acts as an autonomous entity
on the blockchain. It has its own digital signature on the
blockchain and it is both defined by the blockchain code and
potentially controlled by the code itself [41]. Three elements
in smart contracts that makes them distinct are certain levels
of autonomy, self-sufficiency, and decentralization [38].
A blockchain smart contract between a supplier and a
buyer provides the trust that used to require elaborate human
control and auditing processes. Not only can blockchain
contracts contain the same level of detail as traditional
contracts, they can do something no conventional contract
can do: to automatically perform tasks such as negotiating
prices and self monitoring inventory [42].
We propose a high-level scheme for robot-to-robot eco-
nomic interactions via smart contract as shown in Figure
3. As a first step, a smart contract in the blockchain and
corresponding instructions for a requested service by a robot
customer are sent out to the blockchain in search of a
service provider. A service robot may accept the request of
the service and performs the task. Once finished, a service
response is sent back to the robot customer, who creates a
currency transfer request in the blockchain. A notification
of this transfer request is sent to blockchain peers that
are prompted to check for correctness of the service and
transactions. The liability of the transaction is then recorded
in the blockchain. Finally the robot service provider is paid
by the robot customer through the blockchain [2].
Thus, with the integration of Blockchain, the ROS in-
Fig. 3. Our proposed interaction between various autonomous robots via
smart contracts: (1) A robot customer creates a smart contract; (2) another
robot that provides services executes the contract; (3) After the contract
service is finished, a response is sent to the blockchain; (4) The customer
receives the response; (5) Blockchain peers, validate if everything is correct
before approving the transaction; (6) A payment is done.
terface for physical systems, Cloud Robotics, and IoRT,
autonomous robotic agents could find a starting point for
the technology needed for a robot economy.
IV. SOCIO-ECONOMIC IMPACT OF A ROBOT ECONOMY
As new robotic technologies are developed questions arise:
Which jobs are vulnerable? What will be the reaction of our
institutions? What is the outcome of a robotic economy with
respect to global growth and income distribution?
In the short-term, could a robot economy result in negative
social outcomes? Our institutions are expected to react to
rapid changes on employment. There is a discussion ac-
cording of some macroeconomic models that, if unregulated
society could face challenges in employment [7], [9], [43].
Due to increased technological productivity, the loss of jobs
needs to be balanced with the creation of new ones while
providing institutional means to increase the training of our
labor forces [3].
Occupations that share a predictable pattern of activi-
ties will slowly be replaced by robots. Jobs that require
creativity, complex judgment and lack of structure will
remain unscathed. Labor for low-skill workers will slowly
be transformed into more creative and social oriented jobs
which our populations will adapt to over generations given
our institutional efficacy.
Some people believe that a robot economy could produce
imbalances in the current distribution of income that must
be corrected to maintain a social equilibrium [9], [13], [43].
From his perspective, the distribution of income seems to
shift towards businesses that have more robots. Therefore,
growth might be higher for those who are wealthier and
able to invest in robotics, increasing the gap with those
who live paycheck-to-paycheck [13]. So, it will be logical
to implement social measures to ensure that the returns from
robotic assets benefit the wider populations. According to
Fig. 4. Intelligent robots have the potential to improve people’s well-being
and to provide new sources of value and growth.
[8], [13]: “workers need to own part of the capital stock
that substitutes for them to benefit from these new robotic
technologies: workers could own shares of the firm, hold
stock options, or be paid in part from the profits”.
The positive outcomes of robotics expected from the ef-
fectiveness of our institutions can create great growth beyond
traditional solutions. A recent McKinsey report estimated
that automation could raise productivity growth on a global
basis by as much as 0.8 to 1.4 percent annually [44]. A
2018 PwC report estimated that “global GDP in 2030 could
be significantly higher than that of 2016 as a result the
economic impact of intelligent robotics. This impact will be
driven by (a) productivity gains from process and industrial
automation as well as providing AI technologies to the labor
force (assisted, autonomous and augmented intelligence); and
(b) an increase in the consumer demand resulting from the
availability of higher quality products and services” [45].
In the long-term, intelligent robotics could overcome the
physical limitations of capital and labor and represent a new
source of value and growth. There seems to be a degree
of agreement on the benefits of this outcome, for exam-
ple, the European Robotics Research Agenda 2020 outlines
current developments in the following way: “The robotics
technology will become dominant in the coming decade.
It will influence every aspect of work and home. Robotics
has the potential to transform lives and work practices,
raise efficiency and safety levels, provide enhanced levels
of service and create jobs. Its impact will grow over time as
will the interaction between robots and people” [46].
Therefore, a robot economy might have a large positive
impact in our society and our economy and we can help
our institutions to overcome the barriers. As the 2016 White
House report called “Artificial Intelligence, Automation, and
the Economy” points out: “with the appropriate attention
and the right policy and institutional responses, advanced
automation can be compatible with productivity, high levels
of employment, and shared prosperity” [47].
V. THE CLEANER ROBOT MODEL
Modeling the impact of a robot economy at a large scale
involves many complex social questions that cannot be incor-
porated into a simple macroeconomic model. However, in a
qualitative way, we can show how the concepts mentioned in
the previous sections are applied in a real situation through a
simplified model. The example we developed here has been
adapted from an economic study that is described in [48].
Maurice is passionate about robotics and through his job
has to ensure the cleanliness of a 600m2 entry hall of a
public building. Let us briefly look into professional cleaning
services with approximate figures that serve as estimates for
our case study but are not directly applicable to a specific
application case.
The professional cleaning of 1m2 floor costs on the order
of $0,10 if done manually. This includes the cost of labor
and materials. If the 600m2 entry hall of a public building
is cleaned once a day, five days a week, 52 weeks a year,
the total cost of cleaning is $15600 per year, of which
approximately $1200 correspond to consumables and the rest
to labor.
Suppose a new state-of-the-art cleaning robot called M-
O appears in the market as a service. That is M-O is a
particular robot and not a type of robot. M-O’s functionality
is enabled by a novel architecture that combines ROS, IoRT
and Blockchain technologies. Therefore, the M-O robot has
the capability to offer its services through smart contracts
while working as an autonomous agent. As an amateur
roboticist, Maurice decides to hire the services of M-O
to perform the cleaning task, replacing the services of a
human cleaner. Maurice prepares and processes through a
public blockchain a smart contract with M-O, for providing
its services. The contract defines the tasks that M-O must
perform and the agreement for the payments that Maurice
will make for the services contracted. Consequently, M-O
will be in charge of the cleaning of the entry hall, and
replacing the cleaning materials and the necessary work for
its own maintenance.
Let us further assume that deploying and maintaining the
cleaning robot requires the work of a human specialist for
20 min per day and that the specialist has an hourly wage
of $30. Thus, the labor for deploying and maintaining the
cleaning robot costs approximately $2600 per year. Let us
assume, also, that consumables and repair add up to $1200
per year. Finally, assuming a depreciation period of four
years and, thus, considering that the annual amortization cost
of the cleaning robot is $11800 (the price for a professional
cleaning robot is around $45000), the annual cost of robotic
cleaning results approximately in $15600.
That is, with these assumptions, the total cost to Maurice
for both type of services is the same, whether the cleaning
is done manually or performed with a robot.
In the first case more than 92% of the total expenditure
budget corresponds to the cost of a worker, which we can
assume that, in turn, will be used by the worker for expenses
of food, housing, clothing, social security, transportation, etc
(Figure 5).
Fig. 5. Distribution of Maurice’s budget for keeping the public hall clean. On the left side it is shown the cost share when a professional cleaner is hired.
On the right side it is shown the cost share when an M-O robot is “hired”.
However, in the second case, less than 16% of the ex-
penditure budget is allocated to the direct remuneration of
a worker, while 76% of the said budget corresponds to the
remuneration of the capital invested in services regarding the
cleaning robot (amortization, capital insurance, etc.).
Some consequences of the potential impact of a robot
economy could be analyzed from this example:
First, it is evident that there has been an effective dis-
placement of a human cleaner since it has been replaced
by the robot; Second, given that the human cleaner is not
immediately relocated,at least in the short term, an increase
in unemployment might occur; Third, although the usage of
the cleaning robot has displaced the human cleaner, a new
high-skilled labor activity such as the robot maintenance
has appeared; Fourth, the cleaning robot has changed the
distribution of the cost budget involving a transfer of labor
costs towards expenses in capital retribution, shifting the cost
towards the capital invested in the robot; Fifth, it should
be noted that there is a net contribution to growth since
the worker who performed the manual cleaning is now
available to perform other tasks, increasing the potential for
production growth; Finally, the capital invested in robotics
“earns” a significant part of the income, so that the question
of “who owns the robots” acquires great relevance in the
final distribution of income.
VI. ROBOT ECONOMY CHALLENGES
Robot economies could be right around the corner. With
this inflection point approaching, it is important to observe
all aspects related to legal frameworks, security, ethics and
the future of robotics.
Regulation must consider the social effects without sti-
fling innovation [49]. The development of such economies
creates several regulatory opportunities. Firstly, an impor-
tant concern arises if intelligent robots operate without the
intervention of humans and, more acutely, when they do
it without people’s awareness. Concerns must be raised
about the liability of robots, norms and privileges for robots,
safety, security, and privacy to ensure fairness and continued
progress of human societies despite the growth of physical
and legal autonomy of robotic systems [50]. Secondly, there
is no global consensus on authorizing cryptocurrencies as
an international payment method, due to the lack of control
with existing monetary policies and concerns over criminal
exploitation. We look forward to see what opportunities
appear in the future. And finally, robots do not currently
have “legal personhood” to engage into contracts. There have
been initiatives, e.g. [49], based on the idea of creating an
electronic personhood for robots, distantly comparable to the
legal personhood available for business organizations, but
these proposals have been so far controversial, since they
raise conflicts related to liability[51], [52].
Another key concern about a robot economy is global
and individual security. A robot assistant may need access
to databases of all kinds, as well as personal information
to create complex models to effectively adapt to people’s
needs given actual circumstances. Acquiring this kind of
data requires collecting information from environmental and
human activity sensors taking during our daily lives including
physical, cognitive and emotional states. This kind of infor-
mation can be extremely sensitive and could compromise
individuals’ dignity and our right for privacy. Deploying
these technologies at home or business place, for instance,
for marketing and product development purposes should be
subject to an increase of regulatory mechanisms to provide
citizens and governments with the ability to counteract
negative effects and fair use of these technologies.
The robot economy is gaining pace, but is it possible that
it contradicts our values or displaces us [53]? If this was
the case, human conditions would worsen and we could lose
personal and economic freedom. However, we believe that
advances in intelligent robots will be inevitably controlled by
human institutions which will prevent them from competing
against us. These kind of key questions are studied by
influential researchers such as Carme Torras [54].
The progressive development of a robot economy is
expected to effectively increase people’s well-being. We
encourage that the economic and social objectives of robotics
and AI research are geared towards direct improvements
to our societies [55]. The main challenge of robotization
lies in effectively interfacing human and robot capabilities.
The advantage of robotics lies on their ability to increase
productivity without increasing costs, or even decreasing
costs, i.e. “blue-ocean” technologies. Humans alone are
limited in their productivity due to physical fatigue and
our ability to systematically process batch data. Thus robots
seem to be deemed to occupy markets that require batch
production, intense physical tasks and augmenting human
creativity. There is no widespread interest or evidence on a
global replacement of human capabilities.
Finally, if we want to make the robot economy a key factor
of prosperity, one interesting question that arises is: “Who
will own the robots?” [8], [13], [56].
VII. CONCLUSIONS
This paper discusses a framework for a robot economy
with currently available technologies, and reviews some
challenges it faces in the current socio-economic scenario.
A robot economy is described as the economic system that
uses physical robots to greatly increase production instead
of human labor and in which intelligent robots can perform
some economic operations not allowed or possible today.
There is current technology that would allow robots to
perform on-board tasks related to economic activity and
peer-to-peer communications. The blockchain technology, as
a peer-to-peer payment system and as a digital currency,
allows robots to execute programs specified in terms of
intelligent contracts, creating a form of generally accepted
compensation for their work. In addition, blockchain can
be useful to register robot transactions and as a means of
payment. Thus, with the integration of blockchain, network
and control middle-ware, a framework for a simplified robot
economy has been discussed here.
The current global and local institutions around the world
seem to be effective for self-regulating the negative effects
of evolving technologies such as robotics and AI. Therefore,
without entering in details we don’t expect to see radical
and quick changes on governance but a natural evolution
of our institutions to self-regulate this technology as time
goes by. Robots are great good and service producers but
no consumers unlike humans. There is no reason to expect
that robots would replace humans as they would be required
to develop human-like needs which seems unlikely. Specu-
lations on this issue seem to be out of context as a topic
for this paper. We expect therefore and look forward to see
institutions creating mechanisms for fair use of robotics and
AI.
Several complex questions regarding legislation, security,
ethics and the future of robotics will arise while robots enter
our economies in more depth. Intelligent robotics offer an
unimaginable spectrum of possibilities, and it is roboticists’
responsibility to get educated on economic and institutional
effects to make correct statements on the consequence of
economic automations.
Finally, we don’t believe there is a thread with intelligent
robots for the reasons above. On the contrary, robots will
increase productivity and benefit us all as all previous historic
technology waves have benefited human societies. It is
crucial to create awareness of the reality of a robot economy,
because ready or not, here it comes.
REFERENCES
[1] J. Crews, Robonomics: Prepare Today for the Jobless Economy of
Tomorrow. Createspace Independent Pub, 2016.
[2] K. Danilov, R. Rezin, A. Kolotov, and I. Afanasyev, “Towards
blockchain-based robonomics: autonomous agents behavior valida-
tion,” arXiv e-preprints, 2018, arXiv:1805.03241.
[3] S. Ivanov, “Robonomics - principles, benefits, challenges, solutions,”
Yearbook of Varna University of Management, vol. 10, pp. 283–293,
2017.
[4] S. Lonshakov, E. Radchenko, A. Krupenkin, A. Khas-
sanov, A. Kapitonov, and A. Starostin, “Robonomics:
platform for integration of cyber physical systmes into
human economy,” https://github.com/airalab/robonomics-
specs/blob/master/pdf/whitepaper-en.pdf, 2018.
[5] D. Acemoglu and P. Restrepo, “Artificial intelligence, automation and
work,” Economics of Artificial Intelligence, p. prepared for publication,
2018.
[6] ——, “The race between man and machine: Implications of technol-
ogy for growth, factor shares, and employment,” American Economic
Review, vol. 6, no. 108, pp. 1448–1542, 2018.
[7] S. G. Benzell, L. J. Kotlikoff, G. LaGarda, and J. D. Sachs, “Robots
are us: Some economics of human replacement,” National Bureau of
Economic Resarch (NBER) Working Paper Series, no. Working Paper
20941, 2015.
[8] A. Berg, E. F. Buffie, and L. Zanna, Robots, Growth, and Inequality
- Finance and Development, no. September, pp. 10–13, 2016.
[9] ——, “Should we fear the robot revolution? (the correct answer is
yes),” IMF Working Paper, no. WP/18/116, 2018.
[10] E. Brynjolfsson and A. McAfee, The Second Machine Age - Work,
Progress, and Prosperity in a Time of Brilliant Technologies. New
Directions, 2016.
[11] F. Ciacchio, G. Petropoulos, and D. Pichler, “The impact of industrial
robots on eu employment and wages: A local labour market approach,”
Bruegel Working Paper, no. Issue 02, 2018.
[12] M. Ford, Rise of the Robots: Technology and the Threat of a Jobless
Futur. Basic Books, 2015.
[13] R. Freeman, Who owns the robots rules the world - IZA World of
Labor, 2015.
[14] B. Vermeulen, J. Kesselhut, A. Puka, and P. Saviotti, “The impact
of automation on employment: Just the usual structural change,”
Sustainability, vol. 10, no. 1661, 2018.
[15] D. Acemoglu and P. Restrepo, “Robots and jobs: Evidence from
us labor markets,” National Bureau of Economic Resarch (NBER)
Working Paper Series, no. Working Paper 18629, 2017.
[16] J. D. Sachs and L. J. Kotlikoff, “Smart machines and long-term
misery,” National Bureau of Economic Resarch (NBER) Working Paper
Series, no. Working Paper 18629, 2012.
[17] D. Autor, “Skills, education, and the rise of earnings inequality among
the other 99 percent,” Science, vol. 344, pp. 843–851, 2014.
[18] B. Dellot and F. Wallace-Stephens, “The Age of Automation - AI,
robotics and the future of low-skilled work,” Royal Society for Arts,
Manufactures and Commerce (RSA) - Action and Research Centre,
Tech. Rep., 2017.
[19] Secretariat of the UNCTAD (United Nations Conference on Trade
and Development), “Trade and Development Report - Beyon Austeriy:
Towards a Global New Deal,” United Nations, New York and Geneva,
Tech. Rep., 2017.
[20] A. Turner, “Capitalism in the age of robots: work, income and wealth
in the 21st-century,” in Lecture at School of Advanced International
Studies. John Hopkins University, Washington DC, 2018.
[21] S. Ivanov and C. Webster, “The robot as a consumer: A research
agenda,” in ”Marketing: Experience and Perspectives” Conference,
29-30 June. University of Economics, Varna, Bulgaria, 2017.
[22] M. Scheutz, “The inherent dangers of unidirectional emotional bonds
between humans and social robots,” in Robot Ethics: The Ethical and
Social Implications of Robotics, P. Lin, K. Abney, and G. Bekey, Eds.
MIT Press, 2014.
[23] I. Cardenas and J.-H. Kim, “Robot-human agreements and finantial
transactions enabled by a blockchain and smart contracts,” in HRI’18:
Companion of the 2018 ACM/IEEE International Conference on
Human-Robot Interaction, Chicago, USA. ACM, 2018.
[24] J. Song, “The truth about smart contracts,”
https://medium.com/@jimmysong/the-truth-about-smart-contracts-
ae825271811f, 2018.
[25] B. Kehoe, S. Patil, P. Abbeel, and K. Goldberg, “A survey of research
on cloud robotics and automation,” American Economic Review,
vol. 12, no. 2, pp. 398–409, 2015.
[26] J. Carvalho, “Cloudrobotics - distributed robotics using cloud com-
puting,” Dissertation Project, Master of Science in Electrical and
Computer Engineering, Universidade de Coimbra, Portugal, Tech.
Rep., 2016.
[27] C. Crick, G. Jay, S. Osentosiki, B. Pitzer, and O. Chadwicke,
“Rosbridge: Ros for non-ros users,” in in Proceedings of the 15th
International Symposium on Robotics Research (ISRR, 2011.
[28] S. Salama and K. Saleh, “Establishing remote networks for ROS
applications via Port Forwarding: A detailed tutorial,” International
Journal of Advanced Robotic Systems, vol. 14, no. 3, 2017.
[29] B. Gerkey, “Why ROS 2.0?” https://design.ros2.org/articles/why-
ros2.html, 2018.
[30] A. Kharel, D. Bhutia, and S. Rai, “Cloud Robotics using ROS,”
International Journal of Computer Applications (IJCA), 2014.
[31] L. Amadio, “Bringing the power of Windows 10 to the Robot
Operating System,” https://blogs.windows.com/windowsexperience
/2018/09/28/bringing-the-power-of-windows-10-to-the-robot-
operating-system/, 2018.
[32] S. Lonshakov and A. Kapitonov, “Robot Eco-
nomics Doctrine,” https://foxico.io/static/uploads/wpfile-
1c4b4c7656c53f9c96c3d7092cb10365.pdf, 2017.
[33] O. Saha and P. Dasgupta, “A comprehensive survey of recent trends in
cloud robotics architectures and applications,” Robotics, vol. 7, no. 3,
2018.
[34] A. research, “The Internet of Robotic Things,”
https://www.abiresearch.com/market-research/product/1019712-the-
internet-of-robotic-things/, 2014.
[35] P. Simoens, M. Dragone, and A. Saffiotti, “The Internet of Robotic
Things: A review of concept, added value and applications,” Interna-
tional Journal of Advanced Robotic Systems, vol. 15, no. 1, 2018.
[36] O. Vermesan, A. Broring, E. Tragos, M. Serrano, D. Bacciu, S. Chessa,
C. Gallicchio, A. Micheli, M. Dragone, A. Saffiotti, P. Simoens,
F. Cavallo, and R. Bahr, “Internet of robotic things: converging
sensing, actuacing, hypoconnectivity, artificial intelligence and IoT
Platforms,” in Cognitive Hyperconnected Digital Transformation: In-
ternet of Things Intelligence Evolution, O. Vermesan and J. Bacquet,
Eds. River Publishers, 2017.
[37] DeepCloudAI, “AI-Driven Decentralized Cloud for
IoT and DApps,” https://www.deepcloudai.com/wp-
content/uploads/2018/05/DeepCloudAI-WhitePaper.pdf, 2018.
[38] M. Swan, Blockchain: Blueprint for a New Economy. O’Reilly Media
Inc., 2015.
[39] E. Castello´, “The blockchain: A new framework for robotic swarm
systems,” ArXiv e-prints, 2017, arXiv:1608.00695.
[40] B. Djukic, “Do robots dream of crypto?”
https://medium.com/anyledger/do-robots-dream-of-blockchain-
8bbe7b24f654, 2018.
[41] Y. Hanada, L. Hsiao, and P. Levis, “Smart contracts for machine-to-
machine communication: Posibilities and limitations,” ArXiv e-prints,
2018, arXiv:1806.00555.
[42] P. Satyavolu and A. Sangamnerkar, “Blockchain’s Smart Contract:
Driving the next wave of innovation across manufaturing value chains,”
Blockchain’s Smart Contract - Cognizant 20-20 Insights, 2016.
[43] A. Korinek and J. Stiglitz, “Artificial intelligence and its implications
for income distribution and unemployment,” in The Economics of
Artificial Intelligence: An Agenda. National Bureau of Economic
Research (NBER), 2018.
[44] J. Manyika, M. C. amd M. Miremadi, J. Bighi, K. George, P. Willmott,
and M. Dewhurst, “A Future That Works: Automation, Employment
and Productivity,” McKinsey Global Institute, McKinsey and Com-
pany, Tech. Rep., 2017.
[45] J. Gillham and L. Rimmington and H. Dance and G. Verweij and A.
Rao and K.B. Roberts and M. Paich, “The macroeconomic impact of
AI,” PricewaterhouseCoopers LLP, Tech. Rep., 2018.
[46] euRobotics, “Strategic Research Agenda for Robotics in Europa 2020,”
SPARC, Tech. Rep., 2014.
[47] Executive Office of the President (EOP), “Artificial Intelligence,
Automation, and the Economy,” U.S. Government, Tech. Rep., 2016.
[48] E. Prassler and K. Kosuge, “Domestic robots,” in Springer Handbook
of Robotics, 1 Ed., B. Siciliano and O. Khatib, Eds. Springer, 2008.
[49] M. Delvau, “Report with recommendations to the Commission on Civil
Law Rules on Robotics,” European Parliament, A8-0005/2017, Tech.
Rep., 2017.
[50] F. Alexandre, “The legal status of artificially intelligent robots -
personhood, taxation and control,” Dissertation Project, Master of
Laws, Tilburg University, The Netherlands, Tech. Rep., 2017.
[51] J. Caytas, “European perspectives on an emergent law of robotics,”
Columbia Journal of European Law, 2017.
[52] Policy Departament of Citizens’ Rights and Constituional Affairs,
“Study of European Civil Law Rules in Robotics,” Directorate-General
for Internal Policies, European Parliament, Brussels, Tech. Rep., 2016.
[53] G.-H. Yang, J. Bellingham, P. D. P. Fischer, L. Floridi, R. Full,
N. Jacobstein, V. Kumar, M. McNutt, R. Merrifield, B. Nelson,
B. Scassellati, M. M. Taddeo, R. Taylor, M. Veloso, Z.-L. Wang,
and R. Wood, “The grand challenges of science robotics,” Science
Robotics, vol. 3, no. 14, 2018.
[54] C. Torras, The Vestigial Heart. A Novel of the Robot Age (including
materials to debate/teach Ethics in Social Robotics and AI). The
MIT Press, 2018.
[55] European Agency for Safety and Health at Work, “The future of work:
robotics - Discussion Paper,” EU-OSHA, Tech. Rep., 2015.
[56] D. Rotman, Who will own the robots - MIT Technology Review, no.
June, 2015.
